REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  NO.  0704-0188 


Public  Reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering 
and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comment  regarding  this  burden  estimates  or  any  other  aspect  of  this  collection  of 
information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite 
1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188,)  Washington,  DC  20503. 

1 .  AGENCY  USE  ONLY  (  Leave  Blank)  2.  REPORT  DATE  Nov.  3,  2003 

3.  REPORT  TYPE  AND  DATES  COVERED 

FINAL  (June  23,  2003  -  Nov.  22,  2004) 

4.  TITLE  AND  SUBTITLE 

Advanced  Ultrabright  X-Ray  Sources  for  the  Study  of  Superenergetic  States 
of  Matter 

5.  FUNDING  NUMBERS 

DAAD1 9-03-1 -01 89 

6.  AUTHOR!  S) 

Charles  K.  Rhodes 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Illinois  at  Chicago 

809  So.  Marshfield  Avenue 

Chicago,  II  60612-7205 

Attn:  Ms.  Paula  Means 

8.  PERFORMING  ORGANIZATION 

report  number  03-2-400  (If  not,  please  call 
John  Ward  at  312-996-5958) 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.  S.  Army  Research  Office 

P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-2211 

10.  SPONSORING  /  MONITORING 

AGENCY  REPORT  NUMBER 

45142.1 -PH 

11.  SUPPLEMENTARY  NOTES 

The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision,  unless  so  designated  by  other  documentation. 

12  a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 

12  b.  DISTRIBUTION  CODE 

A  class  of  ultrabright  multikilovolt  x-ray  sources  has  been  developed  that  can  serve  an  array  of  new  measurements  and 
applications  concerning  the  properties  of  all  forms  of  condensed  matter.  In  comparison  to  presently  available  synchrotron 
technology,  the  experimentally  demonstrated  superiority  in  performance  (peak  brightness  per  unit  cost)  is  approximately  a 
factor  of  1010.  An  important  characteristic  of  these  sources  is  the  intrinsic  capability  to  produce  coherent  energy  at  an 
intensity  for  which  the  electric  field  magnitude  exceeds  an  atomic  unit  (e/aG2).  A  leading  consequence  of  this  property  is 
the  introduction  of  new  nonlinear  modalities  of  electromagnetic  coupling  into  the  x-ray  spectral  region  that  are  applicable 
to  all  classes  of  materials. 

14.  SUBJECT  TERMS 

Holographic  Imaging,  X-Ray  Amplification,  Biology 

15.  NUMBER  OF  PAGES 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION 

OR  REPORT  ON  THIS  PAGE  OF  ABSTRACT 

UNCLASSIFIED  UNCLASSIFIED  UNCLASSIFIED 

20.  LIMITATION  OF  ABSTRACT 

UL 

NSN  7540-01-280-5500 

89) 


Standard  Form  298  (Rev.2- 

Prescribed  by 
298-102 


ANSI  Std.  239-18 


REPORT  DOCUMENTATION  PAGE  (SF298) 
(Continuation  Sheet) 


FINAL  PROGRESS  REPORT 
DAAD19-03-1-0189 

Advanced  Ultrabright  X-Ray  Sources  for  the  Study  of  Superenergetic  States  of  Matter 
Award  End  Date:  November  22,  2004 

(1)  Foreword 

The  Xe(L)  source  at  hcox  ~  4.5  keV,  a  system  of  exceptional  peak  brightness,  whose  properties  are 
documented  above  in  Sections  I-IV,  can  be  applied  immediately  to  the  experimental  study  of  the 
coupling  of  intense  femtosecond  x-ray  pulses  to  all  classes  of  materials. 


(2)  NA 

(3)  NA 

(4)  Statement  of  Problem  Studied 


Attainment  of  Xe(L)  Scaling  Limit  and  Multiple  Inner-Shell  Vacancy  Production 

In  order  to  apply  the  Xe(L)  source  to  the  study  of  material  interactions,  the  brightness  scaling  must 
be  verified.  The  estimated  brightness  scaling  limit  for  the  Xe(L)  system  indicates  that  it  would 
produce  an  intensity  of  ~  10  W/cm  without  the  use  of  a  focusing  element.  For  a  pulse  length  ix  ~  I 
fs,  this  gives  a  flux  of  ~  104  J/cm2,  a  magnitude  that  would  saturate  reaction  channels  with  cross 
sections  greater  than  ay  ~  3.6  x  10  "  cm".  The  K-shell  cross  sections  cik  for  Ar,  K,  Ca,  and  Sc  are 
above  this  value,  so  it  should  be  possible  to  produce  selectively  multiple  K-shell  vacancies  in  these 
systems. 
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(5)  Summary  of  the  Most  Important  Results 

The  Xe(L)  system  at  A  ~  2.9  A  exhibits  all  of  the  canonical  attributes  of  a  saturated  amplifier.  The  key 
observables  are  (1)  sharp  spectral  narrowing,  (2)  the  detection  of  a  narrow  directed  beam  (59x  =  200 
prad),  (3)  an  increase  in  the  amplitude  of  the  emission  and  the  development  of  an  intense  output  (>  10(1 
enhancement),  and  (4)  the  observation  of  deep  spectral  hole-burning  on  the  inhomogeneously  broadened 
spontaneous  emission  profile.  Experimentally  determined  by  two  methods,  (a)  line  narrowing  and 
(b)  signal  enhancement,  the  observations  for  several  single-vacancy  3d— >2p  transitions  indicate  a  range  of 
values  for  the  effective  linear  gain  constant  given  by  gL  =  25-100  cm  It  is  shown  that  this  result  stands 
in  clear  conflict  with  the  corresponding  upper  bound  estimated  with  conventional  theory  from  prior 
spectroscopic  studies  of  gL  =  40-80  cm-1.  Overall,  the  observed  values  deviate  substantially  from 
expectations  scaled  to  the  spectral  density  of  the  measured  Xe(L)  spontaneous  emission  profile;  they  are 
systematically  too  high.  The  most  extreme  example  is  the  strongly  saturated  Xe  transition  at  X  =  2.71 
A,  a  case  that  fails  to  reconcile  the  measured  signal  strength  with  the  corresponding  theoretically 
predicted  value  by  a  factor  exceeding  10  .  The  paradox  is  resolved  with  the  Ansatz  that  the  amplification 
is  governed  principally  by  the  saturated  gain  gs,  not  the  conventionally  described  small  signal  (linear) 
value  gL.  This  interpretation  is  supported  by  the  observation  of  deep  spectral  hole-burning,  the  signature 
of  strong  saturation,  that  occurs  uniformly  across  the  spectrum  of  the  spontaneous  emission  profile;  the 
effective  amplification  exhibits  an  anomalously  weak  dependence  on  the  spectral  density.  One  clear 
manifestation  of  the  saturation  is  the  recording  of  high  spectrally  resolved  x-ray  yields  that  cause  gross 
structural  damage  to  material  in  the  film  plane  of  the  spectrometer.  The  behavior  of  the  amplifier  can  be 
best  described  as  a  system  that  undergoes  explosive  supersaturated  amplification.  The  source  of  this 
exceptionally  strong  amplification  can  be  traced  to  the  dynamically  enhanced  radiative  response  of  the 
excited  Xe  hollow  atom  states  located  in  the  clusters  that  are  mode-coupled  to  the  plasma  waveguide 
forming  the  amplifying  channel. 
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